The views and conclusions contained in this document are those of the authors and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the Defense Advanced Research Projects Agency or the U.S. Government. University. This report concentrates the effects of incomplete transfer on lens performance. It is the conclusion of this report that while transfer efficiency may have a pronounced effect on system performance in other applications for the lens being considered: (1) the attenuation effects of transfer efficiency are deterministic and insignificant, (2) the lateral resolution and sidelobe response are to first order not modified, and (3)
for moderate values of charge-transfer inefficiency the spatial shifting of the beamsteering angle is minor. Thus the-G* lens is largely insensitive to the major limitation commonly encountered (trasfer inefficiency) in charge coupled device applications today.
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FUNDAMENTAL LIMITS OF C3D PERFORMANCE
Effects of Incomplete Charge Transfer
The time-delay accuracy of the cascade charge-coupled device will largely determine its ultimate utility as an electronic lens for an ultrasonic imaging system. Time-delay and amplitude errors reduce overall image quality by creating uncertainty as to the position of the focal point of the lens or by degrading the sidelobe level of the image. As a result, this report examines the aspects and effects of transfer efficiency of the C3D electronic lens that will inherently limit the time-delay and amplitude accuracy generated by this approach.
To assess the effects of incomplete charge transfer on the performance of the 20-input four-section C3D electronic lens, this device is modeled 
where CF is charge-transfer inefficiency at the clock frequency applied to i the thFsection of delay. Although these expressions for attenuation and time delay are significant, the variation of these quantities from transducer to transducer rather than their absolute magnitude will detemine overall tThe subscripts j = -0 and j = 0 refer to the two center transducers of an array containing an even number of transducers. In this context, the "transducer at j .+ 1" is located next to the transducer at position j '(if j -0, then j + 1 0).
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i image quality. As a result, the following subsections will examine the effects of attenuation and time-delay variations across the array caused by Incomplete charge transfer. Because beam steering and focusing are generally Independent of one another, the impact of such a transfer on each of these functions is considered separately.
Beam Steering
For the beam-steering section, Eqs. (2) and (3) extremes of the field of view, the change in attenuation across the array resulting from incomplete charge transfer is substantially less than that resulting from acoustic path-length differences.
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Focusing
Based on the above method, attenuation and time delay produced by the focusing rather than the beam-steering section can be written as exp n s 7InV 9 1; (I 2 j' ) (3max c') across the array which, in turn, is due to the C3D single-chip lens approach.
